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LONG-TERM GOALS

My long-term goals are to understand the causes ofreathanisms reensible for
variability in phytoplankton abundance,iprary prodwction, and spcies composition.

OBJECTIVES

The objectives of thiproject are to develop mechanistic modelsrates of primary
prodwction based on phytoplankton photosyetitb absrption coefficients and
concentrations of the rate-limiting enzyme ribuldsg-bisphospate caboxylase
(Rubisco) thatatalyzes cdoon fixation. This work is supported by ONR Bioloagl
Oceanography andd@an Optics.

APPROACH

Photosynthesis is a term that encompasses multiple reactions starting witlotbé@bs
of photons and ending with the ribulose-1,5-bisphasplcaboxylaseeatylzed

reduction of carbon dioxide and incorption into a simple sugar. The process is
usually summarized as two mgirocesses: 1) the light-mediated reactions and 2) the
enzymatic reactions. Thahotosynthesis vs. irradiance (P vs. E)cfiimnal response has
two corresponding components: 1) a ligjhtited region at lower irradiancésr which
photosyntletic rate is dunction of the photosyn#tic absrption coefficient, irradiance,
and the quantum yield and 2) a light-saturated region at higher irradfanedsch
photosyntletic rate in the ocean is primarily limited by tla@ctional concentration of
the enzyme ribulose-1,5-bisphospd caboxylase. Our approach is that the most
approprate mechanistic model of primapyodiction is a normalization of light-limited
rates ofphotosynthesis to photosyuetiic absrption coefficients and light-saturated rates
to ribulose-1,5-bisphosple caboxylaseactivities.

WORK COMPLETED

We measured the rate of light-saturgpddtosynthesis as a fotmon of the activity of
the key photosyntttic enzyme ribulosé,5-bisphospate caboxylase (Rubisco) for a
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number of phytoplankton sgies cultured in the b@ratory. Theactivity assayrovides
a rate of cebon dioxide redction that reflects thproduct of the enzyme conceation
and its specific rate. THeubiscoactivities were determined at the same temperature as
the photosynthtic measurements, and hence did not need to be temperatgeted
for in situ carboxiation rates. For dioflagellates, wéound that instantaneousfzing
of the filtered samples in liquid mdgen was esséal for retention of enzyme activity.
Activities were measured on thawed samples. réngt corelation between light-
saturateghotosyntletic rate andRubiscoactivity was observetbr the laboratory
measurements. We arerpently evalating this method foriéld phytoplankton in
Puget Sound and cdasOrggon waters; preliminary results are similar to thérgen
laboratory samples.

A method for @termining thegphytoplankton photosynétic absrption coefficient in

field samples was used, based on spectatdéiscence extation/emission and
spectrophotmetric mehods (Culver et al., 1994; Culver, 1996; Culver and Perry,
submittel). This approachllowed us to determine the trphotosyntletic absrption
coefficients and actughotosyntletic quantum yields. Photosynthetic and
photopraective aberption coefficients were measured at divdrgdrographic loations

in Puget Sound, Washington. Tlaio of photopraective tophotosyntletic absrption
coefficients wagound to be a fuction of ambient irradiance in stratified waters but was
not a function of ambient irradiance in mixing environments (Culver and Perry,
submitted).

RESULTS

Our results show that Rubiseativity can be used to estimate light-saturated rates of
photosynthesis. An important advantage of théthod is that it can régce the need

for ship-board incustitions with radio-labeled daon; samples can b#téred at sea
immediately after collection and stored in liquidragen for shore-based laboratory
analysis. Our results also help to explain some of the observed variability in values of
Pmax (light-saturateghotosynthesis) naralized to chdrophylla concentration.

The use of a spectrphotosyntletic absrption coefficient is an advance for
studying and moeling light-limited rates ophotosynthesis. Histmally,
photosyntletic rate has beerormalized to cldrophyll a concentration. Chlorophyll
ais easy to measure afa a longtime has been used as a proxy for the absorption
of photons byall photosyntletic pigments. However, the absolute magnitude of the
chlorophyll a-specific spectral alsption coefficient changes with accessory
pigment concentration, epies compositin, cell size, and previous irradiance
history. The elative spectral algption coefficient also changes with the ratio of
different acceswmy light-harvesting pigments. As a consequence, it is difficult to
accurately determine the spectpabtosyntletic absrption coefficienfrom
chlorophylla concentration alone.

Recently it has been possible to measurgltiteosyntletic absrption coefficient
directly, as a consequence of development of a spectral excitation/emigsi@sdence
method (Sakshaug, et al., 1991; Culver et al., 1994; Sosik @oddWl, 1995). The



underlying concept is that only pigments involved in photosynthesigicaun ate
chlorophylla fluorescere; hence, it is possible to derive theapson coefficients of
photosyntletic pigmentdrom fluorescent esitation/emission spectra (cf. Neori et al.,
1986). The absorption coéffent of thephotoprdective pigments can also be
determined by difference between the t@iaytoplankton absorption coeffent and the
photosyntletic absrption coefficient.

IMPACT

By modeling photosynthesis in context of the underlymechanistic parameters
(i.e., photosyntétic spectral almgption coefficient andRubiscoactivity), we should
improve our understanding of why and how photosgtitirates change. These rates
directly affect why and howpper @ean opticapropeties change.

By explicitly separating the two cgronents of the phytoplankton absorption cioefht
(the photosyntétic and thghotopraective conponents), it Wl be possible to constrain
and predict the spectral variance in the tptajtoplankton absorption coéfient.

TRANSITIONS

A knowledge of the dyaumics of the two coponents of the phytoplankton absorption
coefficient has important implicationgor hypersgctral remote sensing.

RELATED PROJECTS

The ASSERT awar #00014-97-1-0645 W support gradate student research in
coopeation with the parent grant to the PI.
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